INTRODUCTION
Antibodies directed against cytoplasmic antigens of normal keratinocytes have been known for many years to be present in some normal sera as well as in the sera of patients with various cutaneous and noncutaneous diseases (1) (2) (3) (4) (5) . Using the technique of indirect immunofluorescence it has been shown that one type of antigen(s) is present only in the cells of the upper layers of the human epidermis. These have been termed upper cytoplasmic antigens. The skin disorders, in which upper cytoplasmic (U-Cyt)' antibodies are described, include blistering dermatoses such as pemphigus vul-' Abbreviations used in this paper: DTT, dithiothreitol; HRP, horseradish peroxidase; HMW, high molecular weight; KIF, keratin intermediate filaments; PAGE, polyacrylamide gel electrophoresis; TBS, Tris-buffered saline; U-Cyt, upper cytoplasmic; WB, washing buffer. garis, bullous pemphigoid, and dermatitis herpetiformis as well as basal cell carcinomas and melanomas (1, 2, 4, 5) . A high incidence of U-Cyt antibodies was also found in the sera of patients undergoing bone marrow transplants and patients with pulmonary and gastrointestinal neoplasms (2, 3) . The exact nature of the antigens U-Cyt antibodies are directed against has been unknown. A series of observations, however, suggested the possibility that they may be differentiation products of human keratinocytes: (a) The antigens are present in the upper layers but not in the basal cell layer of the epidermis (1-5); (b) their presence has been noted in 45-65% of freshly isolated epidermal cells but in only 5-10% of cells grown in long-term primary culture or in secondary culture where epidermal cells fail to differentiate completely (6) ; and (c) they are also absent in tumors of the skin that lack fully differentiated keratinocytes (4). The major differentiation product of keratinocytes is keratin, and Fuchs and Green (7) demonstrated that the distribution of keratin intermediate filament (KIF) proteins is partially stratified in the epidermis on the basis of molecular weight. The inner layers of the epidermis contain only "small" (46-58,000) keratin proteins, whereas the outer layers contain "large" (63-67,000) keratins in addition to "small" keratins (7). These observations suggested the possibility that keratin proteins might be antigens of U-Cyt antibodies.
In this study we present evidence that KIF represent antigens towards which U-Cyt antibodies are directed. Moreover, U-Cyt antibodies bind preferentially to high molecular weight (HMW) proteins and to virtually all charge isomers of the respective KIF proteins.
METHODS
Isolation of KIF proteins. Strips of normal human skin (0.4 mm in thickness) were obtained from a surgical specimen by using a Castroviejo keratome (Storz Instrument Co., St. Louis, MO). The skin was cut into 5-mm squares and incubated dermis side down in a 0.02 M EDTA (8) buffer at 37°C for 3 h. The epidermis was separated from the dermis and washed twice with phosphate-buffered saline (PBS). The epidermis was then minced into fine pieces and extracted in an 8 M urea solution (1 mi/cm2) containing 0.1 M Tris-HCl (pH 9.0) and 0.1 M 2-mercaptoethanol for 4 h at room temperature (9) . After removing the cellular debris by centrifugation at 15,000 rpm for 30 (13) . Ampholytes (Bio-Rad Laboratories, Richmond, CA) with a pH range from 3 to 10 were used for tube gel isoelectric focusing; the second dimension was performed in a 7.5% continuous polyacrylamide gel.
Protein transblotting to nitrocellulose sheets. Transfer of the proteins from SDS gels to nitrocellulose sheets (TransBlot TM Transfer Medium, Bio-Rad Laboratories) was performed as described by Towbin et al. (14) . After a transblotting time of >15 h at 4°C (60 V, 0.22 A, transfer buffer 0.025 M Tris-HCl (pH 8.3), 0.192 M glycine, 20% methanol) the nitrocellulose sheets were cut into individual lanes that contained either HMW standard proteins (Bio-Rad Laboratories) or the KIF polypeptides. The lanes were then processed for various immunological procedures. In every transblotting experiment two of the appropriate lanes were stained with amido black to demonstrate the transfer of all proteins. Also, after transblotting, the polyacrylamide gels were stained with Coomassie Blue to detect nontransferred proteins.
Test sera. The sera of 12 normal laboratory personnel (sera Nos. 1 to 12) and of seven patients with dermatological disorders (two patients with dermatitis herpetiformis, sera Nos. 13 and 14, two with cicatricial pemphigoid, sera Nos. 15 and 16, one with bullous pemphigoid, serum No. 17, and two with pemphigus vulgaris, sera Nos. 18 and 19) were studied for the presence of U-Cyt or anti-KIF protein antibodies. All sera were either freshly drawn or had been stored at -70°C.
Demonstration of antibody binding to transblotted KIF proteins. Individual lanes of nitrocellulose membranes to which KIF proteins had been previously transblotted were washed with Tris-buffered saline (TBS; 0.15 M NaCI, 0.01 M Tris-HCl, pH 7.4) containing 3% (wt/vol) bovine serum albumin (BSA) for 2 h and were then incubated for 2 h with 2.5 ml of various dilutions of the test sera. To exclude a prozone phenomenon and to detect changes in staining patterns, a series of dilutions of test sera ranging from 50 to 5,000 and, if necessary higher, was utilized. After six washes with washing buffer (WB; 0.3 M NaCl, 0.01 M Tris-HCl, pH 7.4, 0.5% Nonidet P-40, Sigma Chemical Co.) for 5 min, the nitrocellulose strips were incubated with 2.5 ml of horseradish peroxidase-conjugated staphylococcal Protein A (HRPProtein A, Kirkegaard and Perry Lab, Gaithersburg, MD) at a 1:200 dilution for 2 h. This was followed by five more washes with WB and two with TBS. The binding of HRPProtein A was then visualized by incubation of the nitrocellulose strips with diaminobenzidine medium (15) for 30 min and the reaction stopped by three 10-min washes with TBS. Test sera and the HRP-Protein A were diluted with WB containing 3% BSA, all incubations were performed at room temperature. For control purposes, the test serum was substituted by WB containing 3% BSA. In a series of experiments, the KIF proteins were transblotted from the twodimensional gels to nitrocellulose sheets and autoantibody binding on them was demonstrated as described above.
Indirect immunofluorescence of upper cytoplasmic antibodies. The demonstration of circulating antibodies directed against U-Cyt antigens by indirect immunofluorescence was performed as previously described (16) .
Absorption and elution studies. 0.5 ml of sera Nos. 1 and 2 were each mixed with 0.5 ml of suspension of purified KIF (1.5 mg/ml) and tumbled at room temperature for 1 h. After centrifugation at 15,000 rpm for 1 h, 0.5 ml of the supernatant was then mixed with 0.5 ml of the KIF suspension and the absorption procedure was repeated. The final supernatants were then processed for the demonstration of the remaining U-Cyt antibodies by indirect immunofluorescence or antibodies against KIF proteins by the transblotting technique as described above. In one experiment, the absorbed antibodies were eluted from the KIF by incubating the washed KIF pellet with 1 ml of 0.1 M glycine-HCl buffer pH 3.0 for 15 min at room temperature. After neutralization with 0.1 N NaOH and centrifugation at 5,000 rpm for 10 min, the supernatant was dialyzed against PBS overnight and then checked for U-Cyt antibodies by indirect immunofluorescence and for antibodies to transblotted KIF proteins. Controls included substitution of the KIF suspension by 0.5 ml of the reconstitution dialysis buffer (see above) or by an equal amount of vimentin extracted from mouse 3T3 cells or human fibroblasts (17) . 3T3 cells and human fibroblasts were grown under routine culture conditions and the intermediate filaments extracted by the method described by Steinert et al. (9) . To demonstrate the specificity of UCyt antibody absorption by KIF, a serum containing bullous pemphigoid anti-basement membrane zone antibodies and anti-nuclear antibodies as well as U-Cyt antibodies was absorbed by a suspension of purified KIF and examined for remaining reactivity of the respective antibodies as already described. Since the titer of the basement membrane zone antibodies (original titer 1:1,280) exceeded the titer of antinuclear (1:80) and U-Cyt antibodies (1:40) markedly, an additional absorption experiment was performed in which the test serum was diluted so that basement membrane zone antibodies were in a concentration range comparable to the U-Cyt antibody titer.
RESULTS
Separation of KIF proteins by PAGE and reassembly into filaments. Analytical SDS-PAGE of the freshly isolated KIF proteins or KIF proteins redissolved from reconstituted KIF demonstrated the presence of low (51,000, 54,000, 55,000, 58,000, and 60,000) and high (61,500, 63,000, and 65,000) molecular weight proteins in a pattern similar to that described by others (7, 18) (Fig. 1, A-C) . Dialysis of these KIF proteins into reconstitution buffer as described (11) Transfer of KIF proteins to nitrocellulose. Transblotting of the KIF proteins from the polyacrylamide gels to nitrocellulose sheets revealed an identical pattern of distribution of the protein bands when the nitrocellulose strips, stained with amido black (Fig. 1 C) were compared with the Coomassie Blue-stained polyacrylamide gels (Fig. 1 A) . Examination of the polyacrylamide gels after transblotting revealed generally complete transfer of the proteins.
Detection of U-Cyt antibodies and their antigens. 12 normal human sera and seven sera of patients with skin diseases were examined for the presence of U-Cyt antibodies first using the traditional method of indirect immunofluorescence and then by HRP-Protein A staining of KIF proteins transblotted to nitrocellulose strips that had been preincubated with serial dilutions of the same 19 sera. Indirect immunofluorescence demonstrated that five of 12 normal human sera and all seven patient sera possessed U-Cyt antibodies (Fig. 2) . The titers ranged from 1:5 to 1:320 (Table I) . When the test sera were examined for antibodies to KIF proteins, all 12 normal and all seven patient sera had antibodies against one or more of the KIF protein bands (Table  I ; Fig. 1, E-J) . When the titers of the anti-KIF protein antibodies and the pattern of the specific KIF proteins stained were examined, several points became evident. The transblotting method is from 10 to 160 times more sensitive than indirect immunofluorescence of human skin in the detection of U-Cyt antibodies. As a group, the 12 individuals (five normal subjects, seven patients), who were positive for U-Cyt antibodies by indirect immunofluorescence had higher titers of anti KIF protein antibodies by the transblotting technique (Fig. 1, E-G, I ). In three of the patient sera high titer (>400) antibodies against the 55,000-mol wt KIF protein were also detectable (Fig. 1 J) . In contrast, none of the seven individuals who were negative for U-Cyt antibodies by indirect immunofluorescence possessed high titer antibodies by the transblotting technique against any of the KIF proteins; however, they did stain some KIF protein bands (Fig. 1 H) (20) . HMW KIF proteins were distributed over a wide range from pH 6.0 to 8.0. Low molecular weight KIF proteins were mainly found in a neutral region (pH 6.3) and in an acidic region (pH 5.0) (Fig. 4 A) . Antibodies to KIF proteins bound to virtually all charge isomers of individual KIF proteins at a given molecular weight (Fig. 4 B, serum No. 4, and C, serum No. 2). The staining with the anti-KIF antibodies proved to be a very sensitive technique in the detection of KIF proteins since some of them have been more heavily stained by the HRP reaction product than they were by Coomassie Blue (Fig. 4 A) (Fig. 1 E, F , and I), in serum No. 4 to the 65,000-mol wt (Fig. 1 G) and in serum No. 13 to the 55,000-mol wt KIF protein (Fig. 1 J) (7, 18) . This finding suggests that these KIF proteins represent antigens which U-Cyt antibodies are directed against. It is known that the various KIF proteins, as defined by their molecular weight on one-dimensional PAGE actually represent groups or "families" of KIF proteins with the same molecular weight but different charge characteristics (19, 20) . Therefore, in order to further define the KIF antigens, we separated KIF proteins according to their charge and molecular weight by two-dimensional gel electrophoresis, transblotted them to nitrocellulose sheets, and reacted them with two of our test sera. Anti-KIF antibodies reacted with virtually all individual KIF proteins of a particular molecular weight over a wide pI range (Fig. 4) . This indicates that these proteins retain common antigenic determinants despite significant differences in individual charges, which are thought to be the result of their degree of phosphorylation (22) .
To further elucidate the relation of KIF proteins to U-Cyt antibodies, we performed a series of absorption and elution experiments with purified preparations of KIF and sera containing U-Cyt antibodies. Absorption of sera with KIF abolished the staining of U-Cyt antigens by indirect immunofluorescence and of KIF proteins after transblotting (Fig. 3) It was also of interest that besides the 12 test sera, which exhibited U-Cyt antibodies by indirect immunofluorescence, and high titer anti-KIF antibodies by transblot, the seven other test sera that did not contain U-Cyt antibody activity by indirect immunofluorescence did demonstrate a faint staining of various KIF proteins. This finding suggests that all of these individuals possess antibodies directed against KIF proteins and raises the intriguing possibility that all individuals may possess antibodies against keratin. In fact there has been a recent series of reports documenting the existence of antibodies against various types of intermediate filaments such as desmin, vimentin, keratin, and neurofilaments in the sera of patients with diseases such as measles, infectious mononucleosis, hepatitis B, Waldenstrom's macroglobulinemia, rheumatoid arthritis, and systemic lupus erythematosus (23) (24) (25) (26) (27) (28) (29) . However, the pathophysiologic significance of these antibodies is unclear and there is no compelling evidence that they play a significant role in the pathophysiology of any of these diseases. Our The presence of antibodies to KIF proteins in all normal sera that were studied makes it unlikely that they play a role in a specific disease process. Rather it seems reasonable that such a system of antibodies may be formed in response to the liberation of antigens after epithelial cell injury or death. These antibodies may play a role in maintaining homeostasis by aiding in the removal or opsonization of such insoluble proteins from damaged tissue or in wound healing or other mechanisms of tissue repair.
